Porous coordination polymers (PCPs), assembled from metal ions and organic ligands, are an interesting class of crystalline materials 1 . They have been extensively studied for applications in gas storage 2 , separation 3 and chemical sensing 4 . Compared with these porous properties, only a few studies on the electronic 15 properties of the frameworks have been reported 5 . The synergetic collaboration between the electronic properties of the framework and the intrinsic porous properties has led to new applications of PCPs in a wide range of important fields. In particular, a redoxactive PCP may be useful material for electrochemical 20 applications such as ion storage 6 or electrocatalysis 7 . The key to successful implementation is not only to construct the redoxactive framework itself, but also to hybridize the framework with an electrode, which allows the investigation of redox process in the pores. 25 Although the judicious choice of metal ion and organic linker provides the redox activity within PCP frameworks 8 , the redox reaction often changes the coordination environment of metal ions, thus leading to destruction of the framework. One way to overcome the issues is to construct the framework with stable 30 ligands for the redox reaction. In this context, 1,1'-ferrocenedicarboxylate (Fcdc) is an excellent candidate because it contains the stable ferrocene moiety and two carboxylate coordination sites 9 . Some research groups have reported on the syntheses of ferrocene-based coordination polymers 10 , but there 35 are only a few reports of the solid-state electrochemical properties of coordination polymers containing the Fcdc ligand 11 . Recently we reported on a series of two-dimensional (2D) PCPs, so-called coordination polymers with an interdigitated structure (CID), of which the three components, namely the metal 40 ions, V-shaped dicarboxylate ligands, and diamine pillar ligands, participate in the construction 12 . Their porous properties and chemical functionalities can be easily modulated by varying the components. Although there is a limit to the angle of two carboxylates in the V-shaped ligand in the range 118-152, the 45 rotational freedom of the ferrocenyl moiety enables the ligand to mimic the V-shape, thus providing CID frameworks with stable redox properties. Fig. 1a and b, the Zn ion has a distorted octahedral N 2 O 4 geometry; it is coordinated by two bpy molecules at the 60 axial positions, one chelating carboxylate of Fcdc and two other monodentate caroboxylates of Fcdc in the equatorial plane. The coordination of Fcdc ligands to the Zn ions constructed a onedimensional (1D) chain structure as shown in Fig. 1a , followed by the linkage of the adjacent chains through bpy in the axial 65 positions, leading to the formation of a 2D sheet. Alternatively assembled are two types of sheet structures, sheets A and B, which are mirror images of each other. It should be noted that the length of bpy (7.1 Å) is too short to form the interdigitation because of the bulkiness of the ferrocenyl moiety (the distance 70 between cyclopentadienyl rings is 6.8 Å), compared with the phenyl ring, seen in the reported CID structure. Therefore, the noninterdigitation between the sheets provided 1D channels with a window size of 4.4 6.0 Å 2 ( Fig. 2a-b, Fig. S1 ). Elongation of the pillar ligands from bpy to dpb or dpndi 75 created a space between the 1D chains and allowed them to form '-di(4-pyridyl)-1,4,5,8-naphthalenetetracarboxydiimide) . These analogous frameworks were synthesized by the solvothermal reaction of Zn(NO 3 ) 2 •6H 2 O with H 2 Fcdc and dpb or dpndi in a DMF/MeOH solution:
, respectively. Although the compound 2 formed the alternative assembly of sheet structures as seen in 1, only one type of 2D sheet (sheet A) was found in the compound 3. The expansion of 10 the interchain distance in 2 and 3 resulting from the incorporation of the longer pillar ligands (dpb (11.4 Å) or dpndi (15.5 Å)) enables the 2D sheets to form the interdigitation. Whereas the 1D channels with a window size of 4.4 4.9 Å 2 extend along the c axis in compound 2, the 1D channels with a window size of 4.8 15 4.5 Å 2 runs along the a axis in compound 3 (Fig. S1-S3 ). Thermogravimetric analysis indicated that 1, 2 and 3 released the guest molecules up to 200 C (Fig. S4) . Although 1 started to decompose around 250 C, 2 and 3 were stable up to 350 C. The difference in the collapse temperature between 1, 2 and 3 20 isprobably because of the interdigitation of the 2D sheets in 2 and 3, which lends further thermal stability to the frameworks.
X-ray powder diffraction (XRD) analysis of the evacuated frameworks was carried out to confirm the stability of the open structures in the absence of guest molecules. substrates were rinsed with DMF and dried in air. The plate-like crystals of 1 were densely grown on the electrode surface, whereas the crystals of 2 and 3 partially covered the substrates (Fig.3) . The low solubility of the diamine ligands, dpb and dpndi, most likely prevented the dense growth of 2 and 3.
5
XRD results of the substrate samples revealed that crystals were preferentially oriented on the substrates (Fig. 4 and Figs  S11-14) . The out-of-plane XRD scans of 1 and 3 on the gold electrodes (denoted as 1/Au and 3/Au) demonstrated the presence of a preferentially oriented crystalline material perpendicular to 10 020 and 011 respectively. The oriented crystal growth of 1 and 3 on the substrates can be explained by the coordination bond of carboxylates to the gold atoms. Together with the in-plane data, the PCP crystals of 1 and 3 were successfully immobilized on the gold electrodes. Compound 2 on the gold electrode (denoted as 15 2/Au) showed rather weak diffraction because of the low crystallinity on the substrate.
The electrochemical behavior of 1/Au was investigated by cyclic voltammetry (CV) in CH 2 Cl 2 solution with 0.1 mol L -1 nBu 4 NBF 4 as electrolyte. A reversible redox wave was observed at 20 0.95 V. It was assigned to a Ferrocene/Ferrocenium cation in the PCP crystals (Fig. 5) . Compared with the redox potential of H 2 Fcdc in n-Bu 4 NBF 4 solution (0.88 V), that of 1/Au (0.95 V) is shifted to a more positive potential (Fig. 5a and Table 1 ). The reason for this is the electron-withdrawing property of the 25 carboxylates from the cyclopentadienyl rings and the coordination bond between carboxylate and Zn ions 16 . Unfortunately, 2/Au and 3/Au did not show clear CV profiles, probably because of the low density of crystals on the electrodes.
A negative shift of the redox potential was observed (0.78 V) 30 when changing the electrolyte from n-Bu 4 NBF 4 to n-Bu 4 NNO 3 , which suggests that NO 3 -forms the stronger ion pair with the positively charged oxidized compounds of ferrocenium (Table 1) . This can be explained by the smaller ionization energy of NO 3 -resulting in a higher degree of ion-pair formation 17 . 35 It is interesting that the peak currents show a linear dependence on the square roots of the scan rate, as shown in Fig.  5b . The linearity in the plots indicates that the charge transfer in the redox process is controlled by the diffusion of charges in the PCPs as described by the empirical Randles-Sevcik equation 18 .
40
Since the PCP crystals are immobilized on the electrode surface, the current is most likely limited by the diffusion of counteranions in the pores 17 . The contribution of the solute species to the redox reaction could be ignored because there was no dissolution of the Fcdc ligands from the framework under the 45 conditions used, as confirmed by the CV measurement of the residual solution. Therefore, the redox reaction observed here was subsequently attributed to the ferrocene moiety embedded into the framework.
In summary, we have demonstrated the redox reaction of 50 ferrocene-based PCPs achieved by creating crystals on gold substrates. Although the crystals are immobilized on the substrate, the redox process is controlled by the diffusion of charges. The CV results were interpreted as the diffusion of counteranions into the channels. This results indicats that Fcdc ligand allows for the incorporation of the redox activity into PCP frameworks and opens the way for their use in a wide range of electronic 5 applications.
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